Extracorporeal photochemotherapy induces the production of tumor necrosis factor-alpha by monocytes: implications for the treatment of cutaneous T-cell lymphoma and systemic sclerosis.
Extracorporeal photopheresis (ExP) has been shown to be an efficacious and well-tolerated therapy in the treatment of cutaneous T-cell lymphoma (CTCL) and systemic sclerosis. However, the precise mechanisms of its action have not been defined. Because of a correlation between the development of fever in the early phase of treatment of CTCL and subsequent anti-tumor responses, we examined the production of the proinflammatory, pyrogenic cytokines tumor necrosis factor-alpha (TNF), IL-6, IL-1 alpha, and IL-1 beta before and after ExP. Monocytes were purified from peripheral blood specimens of normal volunteers (n = 4) or from peripheral blood specimens of CTCL (n = 6) or systemic sclerosis (n = 3) patients that were obtained immediately prior to ExP and also directly from the photopheresis unit after ExP, just prior to reinfusion into the patient. Monocytes were then cultured under various conditions for 16 h, after which the culture supernatants were collected and assayed for specific cytokine production. ExP induced a significant increase in the production of TNF (p less than 0.008) and IL-6 (p less than 0.05) as compared to non-ExP-treated cells, whereas no significant differences were observed in IL-1 alpha (p less than 0.5) and IL-1 beta (p less than 0.2) production following ExP. Exposure of monocyte cultures to IFN-gamma (100 U/mL) either before or after ExP further enhanced TNF production by 4 to 28 times. In contrast, incubation with IFN-alpha (100 U/mL) had no significant effect on TNF production. Addition of TNF (500 U/ml) to monocyte cultures obtained prior to ExP resulted in a slight but insignificant increase in TNF production in 2 of 10 cases. However, when monocytes obtained prior to ExP were incubated with 8-methoxypsoralen (8-MOP, 100 ng/ml), exposed to ultraviolet light A (UVA, 2J/cm2), washed, and then incubated with TNF, a significant increase (p less than 0.01) in TNF production was observed in 8 of 10 cases, suggesting that the combination of 8-MOP and UVA may sensitize cells to TNF. Based on studies of endotoxin (LPS)-stimulated production of TNF by monocytes, levels of endotoxin in culture reagents or photopheresis equipment could not account for the increased production of TNF following treatment by ExP. Increased TNF production as a result of ExP may have important implications for treating both CTCL and systemic sclerosis because, in the case of CTCL, it could mediate numerous anti-tumor effects, whereas, in the case of systemic sclerosis, it could suppress collagen synthesis and induce collagenase production.